Objective: The aim of this study was to investigate the prevalence and characteristics of nodular lesions in the anterior mediastinum that had been found incidentally on screening chest computed tomography (CT) in asymptomatic subjects.
Introduction
Mediastinal lesions include a variety of benign and malignant diseases, and half of them are located in the anterior mediastinum. 1 With the increasing use of chest computed tomography (CT) imaging in clinical practice 2 and lung cancer screening, 3 asymptomatic anterior mediastinal lesions are being detected more frequently. 4, 5 Thymic lesions are largely responsible for anterior mediastinal lesions, and malignancies such as thymic epithelial tumors are a main concern for asymptomatic incidental anterior mediastinal lesions.
Two studies so far have evaluated incidental anterior mediastinal lesions on chest CT scan. 4, 5 The Early Lung Cancer Action Program (ELCAP) study reported a prevalence of 0.45% (41 of 9263 participants) (95% confidence interval [CI] : 0.32-0.60%) among middle-aged to elderly smokers (median age 65 years, range 40-92 years). 4 Among the 41 lesions, five that were larger than 3 cm were resected, and thymic epithelial tumor was identified in four of the five lesions, whereas five of 25 lesions (20%) smaller than 3 cm increased at 1 year. The Framingham Heart Study reported a prevalence of 0.89% (95% CI: 0.59-1.35% [23 of 2571 participants]) in a similar population (median age 59 years, range 35-92 years) except that half of the participants were nonsmokers. 5 None of the 23 lesions were resected, and six of eight lesions (75%) had increased on a follow-up CT scan over a median follow-up of 6.5 years. The latter study reported twice the prevalence of the former study, and the 95% CI of the prevalence did not overlap between the two studies. Meanwhile, the proportions of malignancy and interval growth in incidental anterior mediastinal lesions are still not conclusive. 5 The aim of this study was to investigate the prevalence and characteristics of nodular lesions in the anterior mediastinum that had been incidentally found on screening chest CT in asymptomatic subjects.
Methods

Population
We retrospectively included consecutive asymptomatic participants who had undergone a baseline low-dose chest CT scan as part of their health checkups at the Center for Health Promotion of Seoul National University Hospital and Seoul National University Hospital Healthcare System Gangnam Center from 2006 through 2013. There were 56,358 participants (mean age 52.4 ± 10.5 years; male-to-female ratio 35,306:21,052), 11,310 of whom were from the former site and 45,048 of whom were from the latter site. Nearly half (44.4%) from the former site and 56.3% from the latter site had a history of ever smoking. This study was approved by our institutional review board (institutional review board approval No.1503-038-654), and the requirement for informed consent was waived.
CT Acquisition
Unenhanced chest CT scans were performed at a peak kilovoltage of 120 kV and a reference tube current of 20 to 50 mA using various multidetector CT scanners as follows: a four-channel row CT scanner (MX 8000, Philips Medical Systems, Cleveland, OH); an eight-detector row CT scanner (Light Speed Ultra, GE Medical Systems, Milwaukee, WI); a 16-detector row CT scanner (Sensation 16, Siemens, Erlangen, Germany); a 64-detector row CT scanner (Brilliance 64, Philips Medical Systems and Somatom Definition, Siemens Medical Solutions, Forchheim, Germany); a 256-detector row CT scanner (Brilliance iCT 256; Philips Medical Systems); and a 320-detector row CT scanner (Aquillion ONE, Toshiba Medical Systems Corporation, Tokyo, Japan). Of the CT scans, 98.4% (55,484 of 56,358) were performed using 16-or more channel row CT scanners. The distribution of the number of CT scans was based on the number detectors. Patients were scanned craniocaudally from the lung apex to the costophrenic angle in the supine position at full inspiration during a single breathhold. All CT images were reconstructed with 3-mm or thinner slices along the axial plane, along with additional 1-mm slices in the axial plane on 16-or higher detector row CT scanners and a 3-mm slice in the coronal plane. 10 and 24 years of experience in chest CT interpretation, respectively) reviewed CT scans from all extracted patients in consensus by using inclusion and exclusion criteria. We included nodular lesions with a short-axis diameter of 5 mm or longer in the anterior mediastinum between the thoracic inlet and the base of the pulmonary trunk along with the following margins: anterior margin, sternum; lateral margin, parietal mediastinal pleura; and posterior margin, anterior aspect of the pericardium. We excluded lesions that had typical CT features consistent with benign thymic lesions as follows: thymic remnant or hyperplasia, a midline lesion with triangular or quadrilateral shape in the center of the thymic bed partly or entirely containing fat attenuation intermingled in the area of soft-tissue attenuation, intrathoracic goiter, and soft-tissue lesion in the superoanterior mediastinum that retained a connection with thyroid gland.
Identifying Nodular Lesions in the Anterior Mediastinum
Analyzing the CT Features
S. H. Y. measured the bidimensional long-axis and short-axis diameters by using an electronic caliper and assessed mean CT attenuation by drawing a round region of interest along the border of the anterior mediastinal lesion in the largest axial plane. The margin of the lesion was categorized as either well defined or ill defined. The shape of the lesion was categorized into three groups according the ratio of the long-to the short-axis diameter: round (ratio <1.5), oval (ratio ! 1.5), and plate-like shape (ratio <3.0).
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If participants who had lesions underwent a followup CT scan 3 months after the baseline CT scan, we assessed changes in the lesions' size by measuring their long-axis diameters at follow-up CT scan. We defined size changes as absolute increases or decreases in longaxis diameter of 2 mm or more between baseline and follow-up CT scans.
Statistical Analysis
We analyzed baseline characteristics by using Fisher's exact test and the chi-square test according to the presence of anterior mediastinal lesions, and we performed univariate logistic regression analysis to explore potential associations between the prevalence and baseline characteristics. We compared the proportion of malignancy in the resected cases between lesions larger than 2 cm and those 2 cm or smaller. We calculated standardized prevalence ratios for thymic epithelial tumors by using the rate of thymic tumor in the Cancer Statistics in the Republic of Kore for 2014, stratified by age (see Supplementary Table 1) . 7 The standardized prevalence ratio compared the prevalence of thymic epithelial tumors observed in the study cohort with that expected had thymic tumors developed in the cohort at the same rates as in the population of the Republic of Korea. We calculated the 95% CIs for the standardized prevalence ratios on the basis of the Vandenbroucke method. 8 We considered two-tailed p values less than 0.05 to indicate statistical significance. We performed all statistical analyses with SPSS software, version 22.0 (IBM Corp., Armonk, NY).
Results
Prevalence and Baseline Characteristics
Among the 56,358 participants, 413 (0.73% [95% CI: 0.66-0.80%]) had incidental nodular lesions in the anterior mediastinum ( Fig. 1 and Table 1) , and the prevalence increased as the participant's age increased (p < 0.001). Although men tended to have a slightly higher prevalence than women, no significant difference was found between the two (p ¼ 0.154). A history of malignancy was associated with higher prevalence of nodular lesions in the anterior mediastinum (p ¼ 0.005), but history of smoking was not (p ¼ 0.369).
CT Features
With regard to long-axis diameter, 54.2% of the lesions (244 of 413) were between 1.0 and 1.9 cm, followed by 29.0% (128 of 413) smaller than 1.0 cm, 10.4% (43 of 413) between 2.0 and 2.9 cm, and 4.5% (18 of 413) 3.0 cm or larger ( Fig. 2A) . The median long-axis and short-axis diameters of the lesions were 1.2 cm (interquartile range [IQR] 0.9-1.6 cm, range 0.5-6.4 cm) and 0.8 cm (IQR 0.6-1.0 cm, range 0.5-5.6 cm), respectively. Most of the lesions (97.8%) had well-defined margins and were round (61.3% [38.0% oval and 0.7% with a plate-like shape]).
The median CT attenuation of the lesions was 43 Hounsfield units (IQR 25.5-56.5, range 0-95 except for one case of thymolipoma that had an attenuation of -95 Hounsfield units) (Fig. 2B) . Nearly one fifth of the lesions (19.8%) had CT attenuation less than 20 Hounsfield units, which corresponds to water attenuation of cysts.
Cases Having a Confirmatory Diagnosis
There were 51 confirmed lesions (12.3% [51 of 413]), most of which were proved by surgical resection (median size 1.7 cm, range 0.6-6.3 cm), and one coronary-pulmonary fistula was diagnosed on contrastenhanced coronary CT angiography. Among those 
Thymic Epithelial Tumors and Standardized Prevalence Ratio
The median age of participants with surgically confirmed thymic epithelial tumors was 62 years (age range 54-79, male-to-female ratio 8:3) ( Table 2) . According to the Masaoka staging system, 18.1% (2 of 11) were stage I, 72.7% (8 of 11) were stage II, and 9.1% (1 of 11) were stage III. According to the WHO classification system, there were two type A, two type AB, one type B2, one type B3, and five type C tumors. Complete surgical resection was achieved, and there was no recurrence in any of the 11 patients, with a median follow-up of 67.0 months (IQR 47.4-76.6).
The expected prevalence of thymic epithelial tumor in this cohort was 5.391 on the basis of the domestic cancer statistics. The standardized prevalence ratio was 2.04 (95% CI: 1.01-3.42), which indicated twice the observed prevalence than we expected when 12.3% of the detected nodules were resected.
Unconfirmed Lesions with Follow-up
When we excluded the 51 lesions with confirmatory diagnoses, 237 of 361 patients (65.6%) had at least one follow-up CT scan 3 months or later (median follow-up 50.9 months, IQR 28.8-77.5 months). Among these lesions, 82.2% (195 of 237) were stable in size during the follow-up, whereas 8.9% (21 of 237) increased in size 
months).
Among the 21 patients with growing lesions, 18 had further follow-up CT scans after the perception of growth (median follow-up 30.2 months, range 6.0-68.0 months), except for three patients who were lost to follow-up; 77.8% (14 of 18) of the lesions were stable, 11.1% (2 of 18) increased, and the same proportion 11.1% (2 of 18) decreased. The long-axis diameter of the two gradually growing lesions changed from 1.0 cm to 1.6 cm during the course of 54.0 months and from 1.1 cm to 1.7 cm during the course of 26.6 months. They were lost to follow-up without any further management.
Discussion
In this large retrospective cohort study, we found nodular lesions in the anterior mediastinum in 0.73% of participants who had undergone low-dose chest screening CT at their health checkups (95% CI: 0.66-0.80%); the prevalence in our study was slightly lower than that in the Framingham Heart Study (0.89% [95% CI; 0.59-1.35%]) 5 and higher than that in the ELCAP study (0.45% [95% CI: 0.32-0.60%]). 4 The latter is potentially because our participants underwent chest CT scans with thinner sections than the ELCAP participants, leading to twice as many nodular lesions smaller than 1 cm in our study (31.0% [128 of 413]) than in the ELCAP study (14.6% [6 of 41]). 4 The prevalence increased as participant age increased, but a history of smoking did not affect the prevalence. On the basis of our data, the expected prevalence of anterior mediastinal nodular lesions is 1% (218 of 21,896 [95% CI: 0.87-1.14%]) in populations at high risk for lung cancer (age range 55-74) who undergo low-dose chest CT screening. This age-related increase in prevalence can be partly explained by an age-related increase in the prevalence of thymic epithelial tumors at diagnosis. 9 The association between thymic epithelial tumors and other malignancies 9 also partly accounts for the higher prevalence in participants with history of malignancy and for the lack of association between smoking and prevalence. However, because not all anterior mediastinal nodular lesions are thymic epithelial tumors, our understanding of the associations between prevalence and baseline characteristics is limited in this study, and further study is required to confirm these associations.
The most significant concern for incidental anterior mediastinal nodular lesions is thymic epithelial tumor, particularly in elderly patients in the lung cancer screening age range. Most of the lesions (85.2% [352 of 413]) were less than 2 cm in long-axis diameter; 61.3% were round and 80.2% had CT attenuation higher than 20 Hounsfield units. To summarize these CT features, a substantial portion of the lesions were indistinguishable from thymic epithelial tumors. Indeed, it is challenging to make a correct CT differentiation of thymic epithelial tumor from prevalent benign diseases such as thymic cyst 10, 11 or nodular thymic hyperplasia, 12 which results in unnecessary thymectomies. 11 13 and 16 times higher than the expected prevalence (0.01% [5.391 of 56358], 95% CI: 0.00-0.02%), which we calculated on the basis of domestic cancer statistics. This implies that incidental thymic epithelial tumors are fairly prevalent, and indeed, the age-specific increasing and then decreasing prevalence for thymic epithelial tumors in the Surveillance, Epidemiology and End Results data suggests the possibility of underdiagnosis in elderly individuals. 14 Compared with clinically detected tumors, 15 our incidentally detected tumors were in earlier stages (Masaoka stage II or less [48.0% versus 90.9%]), were more frequently carcinomas (type C) (8.0% versus 45.0%), and showed much less recurrence (11%-13% versus 0%). Whether resected thymic epithelial tumors may be overdiagnosed and whether surgical resection of these incidental tumors leads to meaningful clinical benefit cannot be stated conclusively. Nevertheless, most thymic epithelial tumors in this study were in the early stage and completely resected, which were the most significant favorable prognostic factors. 16 In particular, even in cases of thymic carcinoma, which is known to have frequent recurrence, 17 there was no recurrence at a median follow-up of 50.0 months (IQR 44.0-73.0). Further study is required to evaluate the impact of early diagnosis and resection for incidental thymic epithelial tumors on patients' survival.
Among the 65.6% of unconfirmed cases in which the patient had an interval CT scan (237 of 361), 82.2% (195 of 237) were stable and 8.9% (21 of 237) showed interval growth. Certain portions of stable or growing lesions must be thymic epithelial tumors, especially growing lesions. Nevertheless, growth during the followup did not ensure malignancy because thymic cysts can grow over several years. 18 In our study, half of the lesions that had grown before surgical resection (five of 10) were benign thymic cysts, although the lack of interval growth during the follow-up also could not ensure benignity. Among 11 resected lesions that did not show any change before surgery, one was a thymic epithelial tumor that was stable for 16 months. This is in line with the previous finding that these tumors tend to show slow growth. 19 Conservative management with follow-up is recommended for incidental lesions in the anterior mediastinum, 4 although follow-up may not resolve all problems. Long-term follow-up is required to detect any increase or decrease in lesion size (median time to increase 44.5 months [IQR 25.7-60.6 months], median time to decrease 34.7 months [IQR, 22.0-54.2 months]). Furthermore, neither interval growth nor a lack of growth during follow-up can guarantee either malignancy or benignity. Patients' anxiety concerning these lesions and repeated radiation exposure, 20 as well as the unnecessary use of resources for follow-up CT scans, 21 may also be problematic. Additional studies on the differing characteristics of interval growth in thymic epithelial tumors versus cysts and on the role of other imaging modalities such as up-to-date thoracic MRI for differentiating malignancy from benign disease may be needed.
Several limitations exist in our study. Because we could not reread baseline CT images for all participants, we might have missed nodular lesions in the anterior mediastinum, especially small lesions. For the detected lesions, 12.3% of participants had received a confirmatory diagnosis and 34.4% who did not have a diagnosis had no follow-up CT scans. Separately, information on history of smoking was limited for 11,310 participants. Because our study population consisted of patients who had undergone low-dose chest CT scans as part of their health checkups, they might have been healthier already and had a socioeconomic status higher than that of the general population or populations at high risk for lung cancer.
In conclusion, we found incidental anterior mediastinal nodular lesions on chest CT scans in 0.73% of the general population (95% CI: 0.66-0.80%). Most of the lesions had CT features that were indistinguishable from those of thymic epithelial tumors, but a considerable portion of the lesions-even those that showed growth-were suspected to be benign. Incidental thymic epithelial tumors were more prevalent than clinically detected tumors, were limited to the early stage, and showed favorable outcomes. Nonetheless, our study could not conclude whether early diagnosis and resection of these tumors were beneficial for the patients' survival. Given the considerable proportion of benign pathology in anterior mediastinal nodular lesions and the limited evidence on the benefit of early resection of thymic epithelial tumors, a conservative patient-tailored approach is required.
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